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it is one of the worst known processes in IC engines due to its complex- fluctuations. This complexity has induced some authors to write that "the 8 problem is a modeller's nightmare and an experimenter's agony, but is far 9 too important to ignore" [1] . In the last years, mostly due to the need of 10 engine improvement, big efforts have been devoted to developing suitable 11 theoretical and experimental tools for improving engine designs [2] . 12 Furthermore, the knowledge of heat transfer phenomena in IC engines 13 plays an important role in successfully simulating thermodynamic cycles and 14 consequently the thermal load of the combustion chamber components can
15
be estimated more precisely [3, 4] . This fact is crucial also for the mechan- heating the intake air [7, 11] have been explored.
27
In these studies, the importance of a precise characterization of the heat to obtain a positive net power output, the engine was motored to maintain 76 constant its operating conditions. range of the intake air from ambient temperature up to 420 K was available.
86
The oxygen concentration of the intake air was reduced by introducing ex-87 haust gases from a spark ignition (SI) engine used as a gas generator. As 
101
The fuel injection was electronically controlled by a Bosch fuel injection 102 system with common rail, allowing for injection pressures from 300 bar to 103 1300 bar. The injector was equipped with a mini-sac single-hole axial nozzle.
104
The injection control system was purpose-developed in order to permit the were used.
110
To avoid problems with engine lubrication and high vibration levels due 111 to low rotational speeds, in all the tests the engine was operated at 500 rpm.
112
Higher rotational speeds were limited by the speed of the electrical motor.
113
In addition, the maximum gas pressure in the combustion chamber did not 114 exceed 80 bar since it was limited by the resistance of the quartz windows 115 used in the optical accesses.
116
Walls temperature of the engine was controlled by an external heating-117 cooling system during the tests. In this study, the coolant temperature at 118 the inlet of the engine was kept constant to 70
• C for all conditions tested.
119
The measuring systems used can be divided into two main categories. In 120 the first group the instrumentation for controlling the experiment and for 121 characterizing the engine operation is included, while the specific equipment 122 for measuring the instantaneous heat transfer from the gas in the cylinder 123 can be considered in the second category.
124
Regarding the first group, the test bench and the engine were equipped as it is shown in Fig. 1 .
136
Concerning to the second group, specific equipment was employed for 
165
• The wall is a semi-infinite solid.
166
• Heat transfer is unidirectional and normal to the wall.
167
• Initially the whole device, i.e. internal and external surfaces, is at a 168 uniform temperature.
169
• The temperature at the internal wall is the measured temperature and 170 it has a periodic evolution, so that it can be expressed as a Fourier 171 series.
172
With these assumptions the well known one-dimensional unsteady heat
where T (x, t) is the instantaneous temperature at a distance x from the 175 internal surface (in contact with the gas in the cylinder) and α the thermal 176 diffusivity of the material. In addition, according to the assumptions above, 177 the boundary conditions of Eq. (1) are the following:
In these expressions, T 0 and T m are the initial and the mean surface 179 temperature, respectively, ω is the angular velocity, A n and B n are the Fourier 180 coefficients and n is the harmonic number.
181
Applying these boundary conditions, the solution of Eq. (1) is
and according to the Fourier law the heat flux (q) through the probe is
Finally, replacing Eq. (3) in Eq. (4) one gets was evaluated using the first order approach as
where σ is the standard deviation andx i indicates the mean value of the i-th is produced both by convection and radiation heat transfer from the gas.
234
The radiative contribution due to soot burning might represent about one show the results obtained at the two intake air temperature levels considered.
286
As expected, these results show that the six parameters analyzed are sensitive to intake air temperature variations, even at motoring tests. Fig. 5a shows longer. This fact directly affects to the start of combustion (SOC) and there-306 fore, to the peak temperature of the gas in the cylinder. Since the injection 307 settings, which were the same for these tests, were chosen to provoke fuel 308 ignition closer to the TDC, increasing the intake temperature an earlier SOC 309 is produced (as shows Fig. 5e ), so that a higher in-cylinder temperature is 310 expected and hence, a higher wall temperature is measured.
311
Additionally, Fig. 5d also shows that the in-cylinder pressure traces with 312 the two intake air temperatures collapse when engine operates in firing con-
313
ditions. This should be due to a compensation of the two effects mentioned 314 before. Since the ignition delay is shorter, the warmer is the charge in the 315 cylinder, the lower is the heat released in pre-mixed combustion and hence 316 a larger quantity of fuel is burned in a slow diffusive combustion (Fig. 5e ).
317
In these conditions, as is represented in Fig. 5f , higher heat transfer toward 318 the walls is promoted due to both the higher temperature of the charge and 319 the longer time available for heat exchange. 
Effect of the oxygen concentration at the intake

321
The effect of the oxygen concentration at the intake on heat flux and wall 322 temperature was evaluated through tests in which the intake air temperature 323 and the rail pressure were kept constant to 120
• C and 1800 bar, respectively.
324
The rest of the injection settings were also maintained constant. In Figs. 6a-f 325 the results obtained with the three concentration levels tested are presented.
326
In the six parameters, apparent effects of the oxygen concentration are ob-327 served for firing cycles. Fig. 6a shows that the wall temperature is highly 328 sensitive to oxygen concentration even at motoring operation, being this tem-329 perature lower the lower is the oxygen concentration at the intake (higher 330 EGR rate).
331
Results in motoring conditions show that the instantaneous temperature 332 swing is similar independently of the oxygen concentration of the intake air 333 (Fig. 6b) . However, the local heat flux and in-cylinder pressure evolutions at the intake affects also to the shape of the evolution of these parameters.
346
These evolutions are consequence of the high sensitivity of the ignition delay concentration decreases as such temperature increases.
378
The sensitivity of the local heat flux peak to injection pressure and intake 379 air oxygen concentration and temperature is represented in Fig. 8 . As ex-380 pected, these results show that higher intake air temperatures induce higher 381 heat flux peak levels. Fig. 8a shows that the sensitivity of the heat flux (Fig. 8a) , the local heat flux peak seems to be highly sensitive to
387
O 2 concentration for low injection pressures. This sensitivity is reduced for 388 injection pressures higher than 1000 bar and a change of tendency is also 389 observed around 1500 bar. For higher injection pressures the initial trend is 390 recovered.
391
The effects on engine performance of high EGR rate and low inlet tem-392 perature are expected to be negative. On one hand, the ignition delay is 393 highly sensitive to EGR rate variations. On the other hand, the higher inlet 394 temperature may reduce the ignition delay, which could lead to an increase 395 of in-cylinder pressure peak. In Fig. 9a the sensitivity of the indicated effi- when the intake temperature is also higher. 
Conclusions
404
In this paper, a procedure for measuring the instantaneous heat flux 405 through the walls of the combustion chamber of IC engines was evaluated.
406
With this purpose, a fast response thermocouple was used for measuring the 407 instantaneous fire wall local temperature. Assuming that this temperature 408 signal is periodic, the instantaneous heat flux from the gas was calculated con-
409
sidering that the chamber wall is a semi-infinite body, the heat flux through process. These parameters were the intake air temperature, the injection 418 pressure and the EGR rate for controlling the oxygen concentration at the 419 intake.
420
The results showed that local heat flux and in-cylinder pressure are highly 
426
Regarding engine performance, expectable results have been obtained.
427
The indicated efficiency is highly sensitive to those parameters affecting the is masked when the intake temperature increases.
432
The experimental procedure used in this paper may become a suitable tool 433 for the development, through parametric studies, of more precise theoretical 434 models for predicting the dissipation of heat through the combustion chamber 
554
Dashed lines correspond to motored tests. 
